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ABSTRACT
Porosification of silicon (Si) by metal induced etching (MIE) process have been studies here to understand
the etching mechanism. The etching mechanism has been discussed on the basis of electron transfer from Si
to metal ion (Ag+) and metal to H2O2. Role of silver nanoparticles (AgNPs) in the etching process has been
investigated by studying the effect of AgNPs coverage on surface porosity. A quantitative analysis of SEM
images, done using Image J, shows a direct correlation between AgNPs coverage and surface porosity after
the porosification. Density of Si nanowires (NWs) also varies as a function of AgNPs fractional coverage
which reasserts the fact that AgNPs governs the porosification process during MIE.
Keywords: Electron-phonon interaction, Raman lineshape, Fano line-shape.
1 Introduction
Since its discovery, porous silicon(Psi)/Silicon nanostructures(SiNs) has become the topic of research due
to its unique properties[1,2]. Amongst various methods used for fabrication of Psi/SiNs [3-6], metal in-
duced chemical etching (MIE) is one of the simplest and cheapest methods for synthesis of semiconductor
nanostructures[7-9]. In the MIE method, firstly silver (Ag) or other metal nanoparticles (MNPs) are coated
on a clean semiconductor surface usually by dipping the wafer in a solution containing appropriate metal
salt dissolved in acid. Size and distribution of AgNPs deposited on the wafer depends on concentration of
the solution and reaction time. After the metal coating step, wafers (containing AgNPs) are transferred into
etching solution for porosification. A typical etching solution for this purpose consists of hydrofluoric acid
(HF) and hydrogen peroxide (H2O2). After a particular time of etching, Psi/SiNs get fabricated on the Si
surface.
Different etching mechanisms have been proposed to understand the porosification process during MIE
but unfortunately exact role of metal nanoparticles is not very clear. Geyer at el[10] have given a model for
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the mass transport during MIE and Kolasinski [11] proposed an Electron transfer model on the basis of band
bending at the metal/semiconductor interface and used different MNPs for etching of Si in MIE. Backes et
al[12] have proposed a model for MIE on the basis of the boundary condition of metal and semiconductor
and discussed the mechanism by taking the various doping level of Si and different MNPs . Some researchers
have shown the dual role of MNPs played in MIE [13]. They have discussed the role of metal ion and MNP
distinctly. Smith et al[14] have discussed the mechanism of MIE on the basis of exchange current density
between metal and semiconductor. Chartier et al[15] also discussed the mechanism of MIE on the basis of
catalytic behavior of MNP. A clear demonstration is necessary for understanding the role of MNPs in the
etching process during MIE.
In the present study, clear experimental evidence has been provided which suggests that MNPs govern
the etching process. AgNPs have been used here on p-type Si wafer to fabricate our samples. The percentage
covered surface area by AgNPs on the Si wafer is varied by the AgNPs deposition time from 15 s to 60 s.
The obtained Si wafers with different coverage area (by AgNPs) were etched with a given etching time. SEM
studies have been carried out to see the effect of AgNPs coverage on porosity of the Si wafers after MIE.
Very good correlation between AgNPs coverage and surface porosity has been observed. These results and
observations help to understand the mechanism of MIE
2 Experimental Details
P-type Si (111) wafers with resistivity of 0.01 Ω-cm has been used to fabricate Psi/SNs using MIE method.
Si wafer cut into four pieces and all the piece were cleaned in acetone and ethanol to remove impurities
prior to starting the porosification process. The cleaned wafers were immersed in HF solution to remove
any thin oxide layer formed at the Si surface. Then the wafers were dipped in solution containing 4.8 M
HF & 5 mM AgNO3 for 15 s, 30 s, 45 s and 60 s at room temperature to deposit AgNPs. These four Ag
NPs deposited samples were then kept for etching in an etching solution containing 4.8 M HF and 0.5 M
H2O2 for etching time of 45 minutes. After the porosification process, the etched wafers were transferred
in HNO3 acid to remove extra Ag metal, After removal of the Ag metal, the samples were dipped into HF
solution to remove any oxide layer induced by nitric acid used in the above step. List of all the samples under
investigation has been provided in Table-1. Surface morphology of all the samples have been characterized
using scanning electron microscopy (SEM) supra55 Zeiss and Carl Zeiss in both plan-view and cross-(X-)
sectional geometries. Software Image J is used to calculate coverage area and surface porosity have been
used to analyze the SEM results.
3 Results and Discussion
Figure 1 shows the SEM images of Si wafers with AgNPs deposited with different deposition times in
the range 15 seconds to 60 seconds. Surface morphologies of AgNPs covered Si wafer, shown in Fig. 1,
reveals that increased AgNPs deposition time results in increased coverage area on Si wafer. As a result of
increased AgNPs deposition time, the exposed Si wafer (uncovered area) surface decreases. The resultant
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Table 1: List of porous silicon samples with varying AgNPs deposition time
Sample Name AgNP Deposition Time (s) Etching Time (Min)
P15 15 45
P30 30 45
P45 45 45
P60 60 45
Figure 1: SEM micrographs of silver coated Si surface for the coating time (a) 15 s (b) 30 s (c) 45 s (d) 60
s. Scale bars correspond to 500 nm.
exposed surface after this step decides the porosity and nanowire thickness as a result of MIE, which will be
discussed later. For the quantification of the deposition time dependent AgNPs coverage area, an estimation
by the software “Image J has been carried out which shows that estimated percentages covered area increases
from 41% to 81 % by increasing coating time from 15 seconds to 60 seconds respectively.
To understand the effect of AgNPs on the process of porosification during MIE, above Si wafers, covered
with AgNPs were immersed in etching solution for the formation of Psi/SiNs. Etching condition was the same
for all the four samples with the etching time of 45 minutes. The SEM images showing surface morphologies
of all the etched samples (as mentioned in Table 1) have been shown in Fig. 2. Porous surfaces have been
obtained after MIE as can be seen in Fig. 2 which are similar to already reported by us [16-18]. It is evident
that pore diameters are not same for all the samples even though the etching time is constant. The pores
look thinnest for sample P15 and widest for sample P60. It is also worth noting that sample P15 has been
prepared from wafer where the AgNPs coverage was minimum and sample P60 has been prepared from a
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Figure 2: Surface morphologies of etched Si surfaces for sample (a) P15 (b) P30 (c) P45 (d) P60. Scale bars
correspond to 5 µm.
wafer where AgNPs coverage is maximum as discussed above. It indicates a direct correlation between the
AgNPs coverage area and pore diameter and hence porosity.
A quantitative analysis carried out using Inage J which shows that the estimated surface porosities for
all the sample increase from 35 % (for sample P15) to 74 % (for sample P60) as shown in Fig.3. Figure 3 also
shows the variation in AgNPs coverage area, deposited prior to the porosification, as a function of AgNPs
coating time. The trend in increasing surface porosity is in the same fashion with the increasing coverage
area of Si by AgNPs which confirms the direct correlation between the surface porosity and fractional AgNPs
coverage area. The above-mentioned correlation, evident from Fig. 3, suggests that the etching mechanism
for porosification involves the AgNPs as etching centers and dissolution of Si atoms starts from the sites
of AgNPs which act as nucleation sites. This can be elaborated on the basis of formation mechanism, as
depicted in Fig.4 which is as follows. When clean Si wafers are dipped into the solution of AgNO3 and HF
available Ag+ ions sit on the surface of Si wafer, take one electron from the Si surface and get neutralized
into Ag. The transfer of electron from Si to Ag is possible because the redox energy for the pair Ag+/Ag
(0.79 V) is higher than the valence band energy of Si (0.62 V) [19]. The Ag+ accepts one electron from Si
to create one hole (h+) and gets deposited as AgNPs on Si surface. It is understood that injection of hole
inside the Si wafer is necessary for the porosification to start [8,20-22]. The hole created during the above
reaction initiates the following process when the wafer is kept in etching solution. The Ag deposited Si wafer
when dipped into the etching solution (HF and H2O2) gets attacked by fluoride ion (F
−) at the positive
site of Si created due to formation of hole. This forms H2SiF6 before getting dissolved in HF solution and
creates a pit on the Si surface. Transfer of another electron from Ag to H2O2 results in the reduction of
H2O2 and creation of Ag+ to start the cycle of etching by providing continuous supply of Ag
+ and thus
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Figure 3: The percentage of Ag covered area on Si and corresponding surface porosities.
of h+. For this process, transfer of electron is favorable because the redox energy for the pair H2O2/H2O
(1.78 V) is higher than the redox energy for the pair Ag+/Ag (0.79 V)[19]. The etching time (continuation
of cycle) decides the depth of pits in the Si). The etching time dependent study is already reported in the
literature[22,23]. The mechanism discussed above is shown in the schematic diagram in Fig 4. It is worth
mentioning here that the dissolution starts from the site where AgNPs are present because h+ are available
there to initiate the etching process. A more AgNPs covered area will result in more porosification leading
to highly porous surface. Above-mentioned etching mechanism clearly explains the observed correlation
between AgNPs coverage area and surface porosity.
Progress of porisification in the vertical direction will also be interesting to analyze for understanding
the etching process. The X-sectional SEM results for all the etched samples have been shown in Fig. 5. A
comparative study of SEM images in figs 5(a) to (d) shows that large portion of Si wafer remains unetched
for sample P15 as compared to other samples with higher AgNPs deposition times (samples P30, P45 and
P60). Fig 5(a) also shows comparatively less density of vertical wire like structures (SiNWs). As the AgNPs
coverage area increase more and more sites are available for initiation of etching and proceed in the vertical
direction in the wafer. Si wafer with maximum coverage area was used to prepare Sample P60 where the
surface porosity and pore density are maximum as can be revealed from Fig. 2(d) and Fig. 5(d). As
perceived from Fig 5, the quantity of unetched area decreases and the density of SiNWs increases on going
from fig. 5(a) to Fig. (d).Abovementioned observation can be very clearly seen by comparing the X-sectional
SEM images in Fig. 5 with their corresponding top view images in Fig.2. Effect of AgNPs coverage area on
vertical etching can also be understood by taking the above mechanism (Fig. 4) in consideration. This also
establishes the fact that the porosofication of Si by MIE is governed by AgNPs.
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Figure 4: Schematic diagram showing etching process during MIE of Si.
Figure 5: Cross-sectional surface morphologies of etched Si surface for sample (a) P15 (b) P30 (c) P45 (d)
P60. Scale bars correspond to 3 µ m.
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4 Conclusions
In summary, various porous silicon samples prepared by changing AgNPs deposition time and a fixed etching
time shows a direct correlation between the percentage surface porosity and AgNPs coverage area. The
percentage of AgNPs covered area is estimated using Image J software and found to be in good agreement
with the direct observation from the SEM results. Surface area coverage (by AgNPs) dependent surface
porosity is observed. The role of MNPs in MIE has been discussed which implies that etching of the Si is
mainly governed by MNPs. A variation in surface morphologies as a result of AgNPs coverage area reveals
that etching process starts from the sites, where AgNPs are present. This is discussed in detail and an etching
mechanism have been proposed for MIE. This model explains how not only the top morphology (surface
porosity) but also the cross-sectional microstructure (SiNWs density) change during porosification using the
MIE process. Coverage area dependent porosity variation of Si wafers reveals that AgNPs deposited prior
to porosification governs the etching process during MIE.
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